he purpose of this study was to "develop~valid methodology for comparing measured torque repetition data along a ham boning line to symptoms reported in an established clinical database, which included history of cumulative stress disorder symptoms. A musculoskeletal stress measurement system was used to measure torque and repetition data associated with boning hams. Twenty-two surveys were conducted across a representative sample of employees performing this task on three different production lines. Two different knife grips were compared in the study to determine if one method produced lower torque. The data were analyzed and work (ln-lb) and power (in-lb/sec) calculations were made. Evidence showed an increased rate of reported
symptoms by subjects exerting more power as compared to other subjects performing the same task. One method was found to require less power than another. Operators managed a microbreak in the cycle ranging from .88% to 4% of the survey time. Operators not reporting symptoms averaged longer microbreaks than those reporting. The study provided data for structuring a line rotation program for moving people to positions requiring less "power:' M anual torque/repetition movements among meat processing employees continue to predominate the daily work tasks of ham boners and trimmers. Herein, the word torque is defined as a force that tends to produce rotation at the wrist joint. These workers use the traditional butchers' tool, the hand held knife, to make complex cuts to remove bone and fat from hams. The 6" boning knife is the ham boner's primary tool for preparing the ham for consumer use. Although modem technology such as electric knives, automatic deboning operations, and section and form methods have reduced the number of manual tasks in ham operations, hand knife use will remain the primary tool well into the 21st century. Employment of meat cutters in the United States is expected to increase through the year 2005 as meat processors develop custom cutting and processing operations for retail stores (U.S. Department of Labor, 1996.) Ham boners use the boning knife to make complex cuts into the ham to remove the aitch bone, center bone, and shanks. The aitch bone is the posterior portion of the pelvic bone into which the leg bone (center) attaches (Romans, 1977) . Employees also use a hand held knife to trim and remove fat from the ham surface. The upper extremity torque and repetitions experienced by ham boners and trimmers may be a significant factor associated with physical hand and wrist stresses, which may contribute to clinical symptoms associated with cumulative trauma disorders (CTDs). Health and safety professionals working in the meat industry have identified ham boning operations at potential risk for causing CTDs among workers on various ham processing systems (Mac Leod, 1994) . Cochran (1989) identified and described the various types of knife-hand positions used commonly among meat cutters and compared torque measurements to knife handle grasps and motion.
Grip strength has been studied among female and male subjects for several decades. These. studies have demonstrated that grip strength varies by age and gender, a significant variable among many types of hand related tasks (Mathiowetz, 1985) . Torque generated by different types of forearm, wrist, and hand postures was measured to determine the effects of various pinch types for dominant and non-dominant hands and genders (Hallbeck, 1992) . Further analysis of the correlation among different wrist positions and types of pinch strength were made (Imrhan, 1991) .
Job task analysis of specific hazards associated with distal upper extremity disorders using semi-quantifiable hazard assessment methods was conducted in pork processing plants among 44 job categories. The results of this hazard assessment data support epidemiologic evidence that some meat processing tasks are associated with an increased risk of CTDs, while other job tasks could not be proven to be causally related to CTD incident rates among meat processing employees (Moore, 1994) .
Research to measure the effects of torque/repetition on hands and wrists has been conducted in a controlled laboratory environment among human subjects. These experiments were conducted among female subjects to measure and compare wrist flexion and extension, ulnar deviation, and wrist extension with a pinch grip (Snook, 1995) . The probability of wrist injury based on odds ratios compared with torque/repetition factors was evaluated among work tasks with high torque-high repetition and low torque-low repetition. Tasks that require high torque-high repetition were more likely to contribute to wrist injury (Armstrong, 1987) . Based on this methodology, modem high efficiency manufacturing processes that require workers to conduct work tasks repeatedly with "high" torque would put employees at risk for cumulative trauma injury. This "high" torquehigh repetition predictor of CTDs defined by Armstrong (1987) has not been replicated to date in any worksites under real working conditions.
HISTORY OF REPETITIVE MOTION INJURIES IN MEAT PROCESSING INDUSTRY
Repetitive motion injuries have been documented in the health care literature for more than 200 years. JUNE 1999, VOL. 47, NO.6 Upton Sinclair's famous novel, The Jungle, published in 1906, became the social commentary on the deplorable work conditions and injuries workers experienced in meat packing plants prior to the world wars.
However, these types of injuries did not receive public attention until job specialization came into vogue after World War II. In particular, the meat industry came under intense scrutiny by health care professionals when the Occupational Safety and Health Administration (OSHA) published Ergonomics Program Management Guidelines for Meatpacking Plants in 1990 (U.S. Department of Labor, OSHA 1990). The meat packing industry guidelines followed OSHA's voluntary general Safety and Health Management Guidelines as a result of numerous repetitive motion injury related inspections among meat packing facilities in the Midwest during the 1980s (U.S. Department of Labor, 1989) . These guidelines have served as the foundation for identifying and correcting hazardous work methods and processes that may contribute to repetitive motion injuries in the meat industry.
In 1994, NIOSH published "Participatory Ergonomic Interventions in Meatpacking Plants," which catalogued three case studies supporting the concepts of ergonomic training, team problem solving, and goal setting and bench marking. All of these studies were aimed at increasing management and employee participation in ergonomic related issues in meat packing facilities (USDHS, 1994) . No current scientific research has been conducted among meat processing workers to evaluate torque and repetition in hand knife job tasks.
DEVELOPMENT OF A FIELD RESEARCH MODEL Musculoskeletal Stress Measurement Kit
The Musculoskeletal Stress Measurement Kit (MSMK, Liberty Mutual Research Center for Occupational Safety and Health, Hopkinton, MA) was developed as a workplace evaluation tool for the measurement of the torque and repetitiveness required for both upper extremity and manual materials handling tasks. It comprises a battery powered hand held electronic data collection device and specialized hand tools. The data are transferred from the collection device to a computer where data can be viewed and analyzed. The MSMK is calibrated on an annual basis. The kit has been used only selectively for field measurements. Therefore, not enough data are available to validate its use.
Torque Measurement Procedure
For the purpose of this ham boning survey, a 6" Victorinox boning knife (with a rigid Forschner blade) was instrumented and calibrated to a hand held data logger. The knife was selected based on employee preference and is currently used on the ham boning lines. The instrumented knife was calibrated to measure the torque acting about the center of the handle. This technique allows for comparisons without the requirement of identifying the point location of the force on the blade. The instrumentation was designed to measure the torque along the cutting plane and against both sides of the blade. The placement 
Line 1 Pos 3.5R
The pattern represents the number of motions and torque exposure while boning one ham of the instrumentation was at the joint between the blade and handle. The knife and logger were connected by a single cable. The cable was held behind the subject and did not interfere with normal activities. One surveyor held the logger behind the operator and the second operated the video camera positioned across the line and facing the subject. A surveyor videotaped each survey as a visual record of events.
Data collected via the MSMK were immediately downloaded to a laptop computer. A data conversion soft-. ware program, written by the MSMK designer, was used to convert the data for use with a spreadsheet application.
The sampling rate was 20 measurements per second. The data collected included number of repetitions, the torque applied by the knife, the average torque applied over the survey period, the maximum torque exerted over the sampling period, and the total time torque was applied on the knife over the sampling period.
A repetition was defined, for the purpose of this study, as one cycle of rise and fall of a slope above a threshold based on the logger calibration. With respect to meat cutting, repetition was defined as one cutting motion or one lateral motion against the side of the blade.
Clinical Database
A clinical computer database was developed in 1985 by the occupational health service to analyze occupational injuries and illnesses which would provide additional information beyond the OSHA 200 reporting requirements. The database allows for searches to be conducted by age, length of employment, years at specific job task, date and time of day accident occurred, type of injury/illness, days of restricted work, and days away from work. Each accident is logged into the system using an employee identification number which allows a search to be conducted by individual employee and department. Department and type of injury/illness data provide key identi-. fiers of repetitive motion incident rates and descriptions 256 of the type of repetitive motion injuries.
The term "symptom" used in this report refers to any eTD of the upper extremity, other upper extremity injuries, and neck and shoulder sprain injuries. The clinical data are used by occupational health staff, loss prevention, safety, and ergonomic teams to evaluate potential repetitive motion hazards and injury trends. More than 7,000 occupational injuries and illnesses are included in this database from 1985 to 1996. Information from this database was used as part of the study process for comparison with the force repetition profiles, specifically measured peak forces, and repetitions in each sample.
DATA COLLECTION METHODOLOGY
The purpose of this study called for developing a method for collecting torque repetition data. The ham boning process was selected for this survey. Positions on three lines were analyzed to compare the effects of boning hams on a manual through semi-automatic system. By comparing these three processes this study attempted to compare torque requirements. It is often assumed that stress on the human body decreases with use of automation as much of the "high stress" work is replaced by machines. This study attempted to validate this hypothesis.
Setting/Sampling
The test site was a regional meat processor in southeastern Pennsylvania serving the eastern seaboard employing 1,500 full and part time employees in the manufacturing of fresh and smoked pork products with 400 million dollars in annual sales. More than 300 employees regularly use a standard 6" boning knife to bone and trim pork in a variety of meat processing operations.
The method outline began by defining a suitable sampling distribution. Twenty-two surveys were gathered:
• The three ham boning lines represent a history of different work methods and technology. Line 1 is a "section and form" process. Eleven standing workstations are placed on either side of a moving belt conveyer. The production rate is approximately two hams per minute. The first five stations work to remove three bones. The remaining stations are trimming areas.
Line 2 is a stationary work station. Standing operators pull hams from a conveyer and make all the cuts and trims necessary to remove the aitch, center, and shank bones and remove fat. The process is slower than the other two lines. The rate is 1.5 minutes per ham. Operators can bone between 200 and 250 hams per 8 to 9 hour shift. Line 3 features a deboning machine. The standing operators loosen the meat through a series of trimming cuts. The machine then presses the bone off the meat. The conveyer moves at a rate of six hams per minute.
A sampling period was defined as 12 hams. The cycle time served as a representative sample of the work typically performed by the subjects. The average sampling period was 254 seconds.
Methods
Three methods for holding the knife were evaluated in the survey. The power grip was defined as placing the knife perpendicular to the forearm and all fingers gripping the handle. A pencil grip was placement between and gripping the knife handle by the thumb and forefinger. A combined grip was defined as an operator switching between the power and pencil grips depending on the cut.
The study had several controls to reduce the opportunity for error in data collection. Each subject was videotaped during the survey to serve as a visual record for the study and met the requirements of NIOSH for task videotaping. A standard knife sharpening protocol was followed. One person ground the edge on the knife at the beginning of each survey session. Subjects were permitted to "steel" (sharpen) the knife during their sampling period using either a "trap" or sharpening rod. A "trap" is a device consisting of two contacting metal rods. The knife edge is passed between the rods to sharpen the blade. One person was designated as a control subject. At the start of each data gathering session, the control subject performed a specific ham boning task using the knife. The data collected from the control survey were compared to previous data to determine if the knife was performing as expected.
The survey equipment sampled as a rate of 20 readings per second. Sampling periods ranged from 120.4 to 443.32 seconds. Each sampling period recorded the torque applied along the knife cutting edge and sides of the blade. Figure 1 represents the "torque profile" for the cutting plane of one survey. The "positive" values on the "torque" axis represent the cutting direction whereas the "negative" data points were measured as the knife was being pulled from the ham.
ANALYSIS AND RESULTS
The torque profiles clearly showed a pattern displaying higher torque during cutting and low to no torque applied in between hams. Peak torque as great as 80 inlb 'can be observed in this typical example. The peaks were intriguing, and the initial hypothesis was the peaks showed when the knife contacted bone. Using the videotape, a frame by frame comparison was made to individual data points. The peaks where found to occur when the knife contacted the outer muscle.
The -80 in-lb. torque was found to occur as operators stabbed the ham and pulled it across the table toward their work area. This practice of stabbing and dragging hams was, on average, found to require 17% more exertion 01,1 the part of the operator as compared to operators grabbing the hams with their hands and pulling them toward their stations.
The torque profiles revealed lower peak torque for the trimming stations as compared to operators removing bone material. Figure 2 displays the torque profile from an operator removing the center bone. The peak torque approached 80 in-lb during cutting motions. Figure 3 shows the reduction in torque attributed to trimming. The peak torque reached 25 in-lb. The trimming task involved cutting off inner portions of the muscle. All bone had been removed prior to the trimming stations. Knowledge of the peak torque was valuable. However, it did not capture the total stress experienced by the subjects. The area under the torque profile curve represents the "work" performed by the operator. Here, the term "work" is used figuratively as the measure of the total exertion over the sampling period. Therefore, an operator could exert low individual peak torque, but exert more total work compared to another operator.
"Power" was calculated using the survey time (see Figure 4 ). "Power" is used figuratively as a measure of work per unit of time. Power calculations permitted a direct comparison of line position and operators regardless of the sampling period. This analysis proved valuable as an effective measure of the total stress associated with the task.
In Figure 4 , Line 1 positions 3.5L through 8R refer to individual stations located on the left (L) and right (R) sides of the process line. The line positions indicated by "old line" are Line 2 positions. Line positions AlA through 07 operate on Line 3.
The average power measured on the Line 2 was 48% (see Old Line Sur 1 and 2 in Figure 4 ) less stressful than Line 1. The power required for all positions on Line 3 (see Line positions AlA through 07 in Figure 4 ) was 14% less than the average on Line 1 (see positions 3.5 through 8). A combined average between Lines 2 and 3 was 7% less stressful than Line 1.
The Table provides information about the type of grip used by the subjects and whether the subject reported a symptom during their working tenure. The average repetitive motion frequency was collected and analyzed as the number of knife motions per second. The frequen-258 cy ranged from 1.65 motions per second at position 3.5 on Line 1 to 0.14 on Line 2.
The average repetitive motion frequency along Line 1 was .815 as compared to an average of .54 motions per second along line 2 and .33 along Line 3. Further analysis of Line 1 found the average repetitive motion frequency for boners was 1.2 and .43 for trimmers.
Clinical data associated with CTD complaints and symptoms among ham boning employees were abstracted from the occupational health computer database after sampling and compared with the force repetition profiles. Reported CTD symptoms among ham boners and trimmers were compared with the measured peak forces and repetitions in each sample.
The number of employees with recorded CTD complaints in the clinical database prior to conducting stress measurement sampling was 45.45% (10). Twelve (54.55%) ham boners/trimmers had no prior history of CTD related complaints abstracted from the clinical database.
Among the group of boners/trimmers with CTD symptoms, the following types of knife grip were used during normal work tasks: power grip (5), pencil grip (3), combined grip (2). No correlation was found among the type of grip used and the database of ham boners/trimmers with CTD related symptoms. Among the employees with no recorded CTD related complaints, four used a power grip, five used a pencil grip and two used a combined grip. Again, no relationship was demonstrated among the types of grip used and the absence of reported CTD complaints.
Microbreaks were defined as the time no torque was being applied to the knife during the sampling period. The average microbreak at the boning stations along Line 1 was 1.82% of the average survey time for those positions. Along the trimming stations, the microbreak averaged 2.95%. The average microbreak along Line 2 was 1.37%. The sampling periods at Line 3 revealed a microbreak >3%. The subjects reporting symptoms had an average microbreak of 2.14% of the survey period and subjects . reporting no symptoms averaged a microbreak of 2.25% of the survey period. These results are based on a limited field of subjects and additional surveys would verify this conclusion. However, the results are encouraging. The amount of rest time (i.e., microbreak) for trimmers was 1.13% higher on average than boning operators.
DISCUSSION
This study provided insight into understanding some of the effects of ham boning. The methodology for comparing torque repetition data in the work environment to a CTD clinical database was effective in terms of gathering data and evaluating torque and repetition in a field setting. The results indicate an opportunity to relieve stress on operators by rotating them to positions with lower average power and repetition rates. JUNE 1999, VOL. 47, NO.6 When comparing the two groups with and without a history of CTD related complaints to repetitive motion frequency and the amount of torque applied, there was no significant relationship between force and repetition and reported symptoms. Specific cases existed which indicated a possible relationship. However, to demonstrate a relationship between CTD reported symptoms and force/repetition of ham boning/trimming tasks, the sample size would have to be increased. Further field study among ham boners/trimmers needs to be conducted with a larger sample size.
Direction for Further Study
Other information gathered from the study points to a need for further studies. The following observations illustrate where this work will be directed. Sixty percent of subjects using a combined grip reported no symptoms. Sixty-three percent of subjects using a pencil grip report-
What Does This Mean for Workplace Application?
Occupational health nurses can determine an effective job rotation program based on systematic quantitative data of force repetition among workers performing manual tasks with hand tools on production lines. ed no symptoms. Fifty-six percent of subjects using a power grip reported symptoms. The pencil grip required II % to 25% less "power" than a power grip. Additional studies are necessary to provide statistically significant evidence. However, the existing data encourage the practice of using a pencil grip.
Workplace Implications
The power calculations indicated a 48% decrease in exertion while working on Line 2 as compared to working on Line I, and a 14% reduction in stress working on Line 3. A reduction in exertion also occurred along Line I for the trimming operators as compared to boning operators. These results support a broad based rotation program along Line I and extending to the other production lines.
The repetitive motion frequency along Line 3 was 60% less than the average along Line I. The frequency along Line 2 was 34% less than that along Line I. The Line I trimming stations had an average repetitive motion frequency 64% less than that of the boning operators. This result further supports the need for a scheduled rotation program.
Future surveys may reveal additional insight into prevention of CTDs of the upper extremity associated 260 with ham boning tasks. This initial attempt presents encouraging data to promote improved training in work practices (e.g., knife grip) and rotation of workers.
